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nents of the metabolic syndrome such as dyslipidemia [1] . Microalbuminuria is also a feature of a number of inflammatory conditions including periodontitis, hepatitis and colitis. It can also be a response to both physiologic and abnormal stressors, such as exercise, posture, highaltitude hypoxia, and resolves once the stress is removed, suggesting a transient and fluctuating nature relating to renal vascular tone [1] . Microalbuminuria has been linked to abnormalities of the vasculature, such as endothelial dysfunction and reduced vascular dilatation [2] . The changes in urinary albumin excretion may therefore reflect underlying microvascular abnormalities. These can be triggered by a variety of hemodynamic, metabolic and inflammatory processes. Early in the course of these conditions, microvascular changes are reversible and the associated microalbuminuria is known to regress upon control of hypertension, obesity/diabetes and inflammation. Subsequently, the passage of albumin into the vessel wall would stimulate an inflammatory response, lipid accumulation, and eventually atherosclerosis. At this stage, the sclerotic changes affecting the renal microvasculature, i.e. glomerular capillaries, lead to fixed albuminuria and progressive loss of renal function. Dynamic microalbuminuria with fluctuating levels may precede fixed albuminuria with structural changes.
Prevalence of Microalbuminuria in the Elderly
Risk factors for microalbuminuria in the elderly are less well defined than in younger adults in whom hypertension and diabetes seem to be more strongly associated with microalbuminuria. The prevalence of microalbuminuria increases with age (5.8, 11.4 and 22.7% among adults 20-49, 50-69 and 6 70 years of age, respectively); however, the association of microalbuminuria with diabetes or hypertension is weaker in older people, suggesting that other factors may contribute to the high prevalence of microalbuminuria in older adults. These may include a number of putative factors associated with microalbuminuria including poverty and social deprivation, poor dental and oral hygiene, periodontitis as well as some components of the metabolic syndrome. Also, higher rates of exposure to nephrotoxic agents and medications in older people may be a factor. Another factor is atherosclerosis (as distinct from arteriosclerosis) which is more common among older adults and can cause direct renal damage and ischemia or reduced renal perfusion by causing heart failure from coronary-artery occlusive events. The high prevalence of microalbuminuria in the elderly could be related to pathological processes in the kidney. Histological changes like glomerulosclerosis, tubular atrophy, interstitial fibrosis, and arteriolar sclerosis are increasingly found with higher age even in the absence of hypertension and diabetes [5] . Microalbuminuria in the elderly shows a dynamic nature. In a community study of 1,378 Japanese nondiabetic individuals (mean age 63.9 years), microalbuminuria showed high variability (both progression and regression) and this variability was associated with older age, small changes in body weight, hemoglobin, and salt intake during 1 year of follow-up [6] .
Significance of Microalbuminuria
Moderate reductions in estimated glomerular filtration rate (eGFR) are very common but of uncertain clinical significance in older people with about 50% of individuals over 70 years old meeting the current definition of chronic kidney disease (CKD). This has led to a controversy regarding the meaning and clinical usefulness of reduced GFR among the elderly [7] . It is not very clear whether the high prevalence of CKD among elderly persons is a consequence of normal physiologic aging or whether it represents a kidney disease [8] . Also the mortality relative risk associated with a given level of eGFR seems to be attenuated with age especially in those with mild to moderate reductions in eGFR [9] . Microalbuminuria independently increases the risk of mortality, myocardial infarction and progression to kidney failure at all levels of eGFR [10] . The association of microalbuminuria with mortality was also linear without threshold effect [11] . This suggests the need for incorporation of microalbuminuria in the future revisions of the classification system for CKD [10] . This is important as adding albuminuria to patients with CKD stages 3 to 4 substantially increases the predictive power to identify individuals at high risk for progression and death. A large proportion of patients with CKD stage 3 are at low risk for progression as long as their urine albumin concentration is low. At the same level of GFR, the risk rises substantially when albuminuria is present. This observation raises important questions about the association of CKD with cardiovascular disease (CVD), suggesting that part of the increased risk is caused by albuminuria, a marker of vascular dysfunction, rather than reduced GFR, a marker of renal dysfunction. Albuminuria is a marker/predictor of the rate of CKD progression, whereas GFR is a marker of how advanced the disease process is. In the early stages of CKD, increases in albumin excretion seem to be more important than small decreases in GFR [12, 13] . Microalbuminuria and low eGFR have been shown to be associated with adverse cardiovascular and renal outcomes independent of cardiovascular risk factors and of each other among 10,640 older patients aged around 66 years with type 2 diabetes [14] . O'Hare et al. [15] concluded that microalbuminuria may be a valuable tool for mortality risk stratification in 94,934 elderly individuals with diabetes mellitus and varying levels of eGFR. In patients over 75 years, microalbuminuria was independently associated with an increased risk of death at all levels of eGFR after adjusting for potential confounders, while in younger age groups this association was present at higher levels of eGFRs but seemed to be attenuated at lower levels. Low eGFR and microalbuminuria are synergistic cardiovascular mortality risk factors and age-stratified analyses showed that eGFR and microalbuminuria were particularly strong risk factors for persons over 70 years old. The combination of eGFR and albuminuria also improved the prediction of progression to end-stage renal disease even in the elderly [16] . The independent association of microalbuminuria and increased mortality [hazard ratio (HR) 1.73] has also been shown in a cohort of diabetic elderly individuals (mean age 78 years) followed up for 10 years [17] . In a study of 15,336 community-dwelling older people (median age 80 years) in the UK, there was a graded and independent increase in all-cause and cardiovascular mortality as GFR decreases especially in those with eGFR ! 45 ml/min/1.73 m 2 after a median follow-up of 7.3 years [18] . Dipstick proteinuria was associated with all-cause but not cardiovascular mortality risk. Dipstick proteinuria did not improve stratification of risk of CVD mortality in older people, suggesting that in this age group eGFR alone captures most of the independent CVD mortality risk and the authors concluded that in the elderly, identification and management of CKD should focus on the select group with more severe reductions in eGFR. However, this study measured a single dipstick test, which is not a sensitive measure, and without quantification, it could not study whether there were graded responses across the range from microalbuminuria to heavy proteinuria. In another population-based prospective study of 16,958 relatively younger persons (mean age 52.5 years) without manifest vascular disease, the presence of CKD independently increased the risk of coronary heart disease (HR 1.55 for CKD stage 1, 1.72 for CKD stage 2, 1.39 for CKD stage 3a, 1.90 for CKD stage 3b, and 4.29 for CKD stage 4 after a median follow-up of 24 years). CKD increased both nonvascular mortality and vascular mortality, mainly from heart failure, cardiac arrhythmia, and pulmonary embolism. The presence of proteinuria independently increased the risk for coronary heart disease (HR 1.72), but the effect on mortality was not determined due to the small number of people who had proteinuria [19] . In the Rancho Bernardo study to examine the gender-specific cardiovascular and cardiac mortality risk of microalbuminuria in community-dwelling older adults (mean age 71 years at baseline) followed up for 8 years, microalbuminuria caused a two-fold increase in risk only in women, but this could be due to survival bias; as women develop cardiovascular disease at an older age than men, they would have been more likely to have survived to be in this cohort [20] .
Albuminuria and Brain Function
Albuminuria, as a marker of endothelial dysfunction, may be associated with cerebrovascular disease and cognitive dysfunction. In a prospective study of 1,345 community-dwelling older adults (mean age 75 years), baseline albuminuria, but not eGFR, was associated with reduced cognitive function only in men after 6.6 years of follow-up. This may suggest that cognitive decline results from cerebral microvascular disease; however, the gender difference is not explained [21] . In another cross-sectional study doubling of albuminuria was associated with increased odds of dementia (OR, 1.12) compared with participants with normal cognition after adjustment for cardiovascular risk factors, suggesting shared susceptibility for microvascular disease in the brain and kidney in older adults [22] . Association of cerebral small-vessel disease and white-matter lesions with high serum cystatin C level has also been shown in a community-based Japanese study of 604 older people. Subjects with higher cystatin C levels accompanied with albuminuria had a greater risk for the presence of subclinical cerebral small-vessel disease than those with lower cystatin C levels without albuminuria [23] . Albuminuria was the kidney biomarker most strongly associated with risk of incident stroke in a longitudinal community cohort study of 3,287 participants without a history of stroke age 6 65 years followed up for 10 years. The HR of any stroke was 2.10, while the HR for eGFR was 1.29 and for raised cystatin C was 1.22. These findings suggest that albuminuria and reduced GFR are separate pathologic processes, with albuminuria conferring a risk of incident stroke independent of filtration rate [24] . The association of microalbuminuria and brain function has also been observed previously [25] [26] [27] [28] [29] [30] . e9 The extravasation of serum proteins as a result of brain microvascular disease (in parallel to albuminuria in nephrosclerosis) would account for the perivascular distribution of white matter hyperintensities on magnetic resonance imaging. This process occurs gradually but steadily and eventually leads to cognitive decline. The endothelial dysfunction-serum protein extravasation hypothesis addresses a possible way that microvascular disease could cause brain injury [31, 32] . Evidence of microvascular damage such as microalbuminuria, retinopathy, or cerebral microvascular disease as indicated by the presence of white matter lesions on magnetic resonance imaging are associated with increased cardiovascular risk suggesting that microvascular disease predates macrovascular disease [33] .
Conclusion
Age-associated microvascular changes are manifested by endothelial dysfunction and microalbuminuria. Macrovascular disease includes increased arterial diameter, wall thickness and stiffness, and ultimately atherosclerosis [30] . Endothelial dysfunction is an important early step in the process of clinical overt CVD. Impaired endothelium-dependent vasodilatation has also been associated with albuminuria [2] . These impairments in endothelial function are involved in the initiation and development of atherosclerosis. Both aging and end-stage renal disease are independently associated with exponential increases in mortality from CVD and exert an additive effect. GFR and albuminuria are poorly correlated, but they exert a synergistic effect on CVD outcomes [16] . Cardio-kidney-damage (C-K-D) has been suggested previously as a unifying concept to reflect the fact that albuminuria is a sign of systemic endothelial dysfunction affecting all vascular beds including the brain, eyes, heart and kidneys [30] . Microalbuminuria and reduced GFR may be markers of different pathologic processes. It is likely that microalbuminuria and reduced GFR simply represent the renal manifestations of systemic endothelial dysfunction (microvascular disease) and systemic atherosclerosis (macrovascular disease), respectively [31] . The pathophysiology of the independently increased risk associated with both low GFR and microalbuminuria as well as the risk factors for developing microalbuminuria and its differential impact on different age groups requires further exploration.
Disclosure Statement
The authors have no conflicts of interest to declare.
